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INTRODUCTION 
Systems analysis has long been attributed great potential for the guidance 
of research and development efforts. In the bio-medical sphere, systems analysis 
has been little tried and then without noteworthy success. In large part this is 
due to the huge, complex, and unmanageable uncertainties that plague the area. 
It owes also to the paucity of sound models developed for research evaluation. 
Considerations that should be addressed by such models are presented in 
the second section. The rudimentary analytic framework described there discusses 
how the gains from morbidity reduction, from life extension, and from their 
consequent externalities might consistently be taken into account. 
The third section describes a practical attempt to apply the concepts 
brought out in the second section. We enumerate a list of difficulties encountered 
when medical experts were asked to provide the quantitative estimates required by 
analytic models. 
In the final section of the paper, we evaluate the evaluation described 
in the third section. While concluding that it failed in its main tasks, we find 
that gains were registered in tangential areas. The most important of these gains 
may have been an improved understanding of the potential for systems analytic 
evaluation of research. Ways are indicated for improving future efforts of a 
similar nature. It is argued that the misgivings of medical reviewers with the 
model used were largely based upon the failure to allow for and to incorporate 
uncertainties. The extent of these uncertainties seems so great as to prevent the 
model in present form from being used to direct the more basic research. We argue 
finally that systems analysis is essential to a more sensible allocation of 
research monies and therefore must work to correct the shortcomings here described. 
IN THEORY 
The Need for Models 
To differentiate fairly and accurately between the relative values of com- 
peting research proposals, a model making clear the basis for those values is needed. 
The model should translate the foreseen results of bio-medical research--ultimate 
improvements in the delivery of health care--into benefits. It should thereby 
provide a comprehensive and systematic means for gauging the value--ex ante and 
ex post--of the research. 
We will briefly discuss factors to be borne in mind in constructing such a 
model. Initial consideration will be given to the most basic situation of a con- 
templated research task with foreknown results and costs. Once an estimation of 
gross benefits has been obtained, costs may be subtracted to obtain net benefits. 
If the analysis is sound, ~rojects with negative net benefits ought not to be funded 
and, of equally expensive competing projects, that with the highest net benefit 
should be preferred. 
Benefit Estimations 
Benefits of bio-medical research derive from two fundamental effects: the 
prolongation of life and the reduction of morbidity--which thereby enhance the 
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q u a l i t y  o f  l i f e .  When t h e s e  c f f e c t s  a r e  c o n s i s t e n t l y  accoun ted  f o r ,  d i s t i n c t i o n  
between advances  i n  t h e r a p e u t i c  c a r e  and i n  p r o p h y l a c t i c  p r a x i s  need n o t  be d i s -  
t i n g u i s h e d .  
A t  l e a s t  two b e n e f i c i a r y  g roups  shou ld  be  bo rne  i n  mind i n  gaug ing  t h e  
e f f e c t s  bo th  o f  e x t e n d i n g  l i v e s  and of  r e d u c i n g  m o r b i d i t y .  The f i r s t  i s  t h e  
p o p u l a t i o n  sub-group t h a t  i s ,  w i l l  b e ,  o r  would be  a f f l i c t e d  by t h e  d i s e a s e ,  
d i s o r d e r ,  o r  c o n d i t i o n  i n  q u e s t i o n .  The second  i s  t h e  e x t e n s i v e  un ion  of  i n d i -  
v i d u a l s - - i n  t h e  f a m i l y  and t h e  community--that become b e t t e r  o f f  because  members 
of t h e  f i r s t  g roup  l i v e  l o n g e r  o r  more h e a l t h y  l i v e s .  T h i s  second s e t  o f  b e n e f i t s  
t h u s  compr i se s  a  f a r - f l u n g  r ange  of e x t e r n a l i t y  b e n e f i t s - - f r o m  t h e  economic g a i n s  
i n  r e d u c t i o n  of a b s e n t e e i s m  o r  t h e  l o s s  t h rough  d e a t h  of  h i g h l y  t r a i n e d  p e r s o n n e l  
t o  t h e  non-economic s a t i s f a c t i o n  t h a t  o u e ' s  mother  l i v e s  l o n g e r  o r  w i t h  l e s s  p a i n .  
The d i f f i c u l t i e s  i n  e s t i m a t i n g  non-economic e x t e r n a l i t y  b e n e f i t s  have l e d  many 
a n a l y s t s  t o  e x c l u d e  them from t h e i r  models .  Economica l ly  measu rab le  b e n e f i t s  
a r e  most  e a s i l y  i n c o r p o r a t e d  w i t h i n  q u a n t i t a t i v e  a n a l y s e s .  Of t h e s e ,  t h e  o v e r a l l  
s o c i e t a l  g a i n  d e r i v i n g  from reduced  a b s e n t e e i s m  i s  t h a t  most o f t e n  c a l c u l a t e d .  
O the r  g a i n s  t h a t  s h o u l d ,  a t  l e a s t  c o n c e p t u a l l y ,  be  i n c l u d e d  a r e  t h e  i n c r e a s e d  
p r o d u c t i v i t y  ach ieved  by worke r s  w i t h  h i g h e r  h e a l t h  s t a t u s  and t h e  p r e s e r v a t i o n  
of t h e  s o c i a l l y  sunk inves tmen t  i n  t r a i n i n g  when t h e  work ing  l i f e  of a  s k i l l e d  
c r a f t s m a n  is ex tended .  
Cost  E s t i m a t i o n s  
For  most a n a l y s e s ,  i t  s u f f i c e s  t o  e s t i m a t e  r e s e a r c h  c o s t s - - c o v e r i n g  l a b o r ,  
equ ipmen t ,  and management--as a  s i n g l e  monetary  sum. I n  exceptional c a s e s ,  
m o d i f i c a t i o n  i s  needed t o  r e f l e c t  t h e  o p p o r t u n i t y  c o s t  of  s c i e n t i f i c  r e s o u r c e s .  
When r e s e a r c h  s u c c e e d s ,  i t  f r e q u e n t l y  o c c a s i o n s  h i g h e r  t r e a t m e n t  c o s t s  t o  b r i n g  
t o  t h e  p o p u l a t i o n  t h e  b e n e f i t s  of i t s  advances .  These  s h o u l d ,  i n  a d d i t i o n  t o  
t h e  r e s e a r c h  c o s t s ,  be  s u b t r a c t e d  f rom t h e  g r o s s  b e n e f i t s  t o  o b t a i n  n e t  b e n e f i t s .  
When r e s e a r c h  l e a d s  t o  lower  c o s t  t r e a t m e n t ,  t h e  t o t a l  s o c i e t a l  c o s t  d i f f e r e n -  
t i a l  shou ld  be  t r e a t e d  a s  a  b e n e f i t .  
Les s  o f t e n ,  s u c c e s s f u l  r e s e a r c h  r e q u i r e s  ma jo r  r e o r g a n i z a t i o n  o r  expendi-  
t u r e  b e f o r e  i t s  b e n e f i t s  a r e  r e a l i z e d .  These  c o s t s  i n c l u d e :  
1 )  t h e  a c q u i s i t i o n  o f  equipment and o t h e r  f a c i l i t i e s ,  and 
2 )  t h e  t r a i n i n g  of  p e r s o n n e l .  
W h ~ n  s i g n i f i c a n t  r e o r g a n i z a t i o n  of  t h e  h e a l t h  c a r e  d e l i v e r y  sys t em i s  r e q u i r e d ,  
t h i s  s h o u l d  be  t r e a t e d  a s  a  c o s t ,  e s t i m a t e d ,  and i n c l u d e d  w i t h i n  t h e  a n a l y s i s .  
Another  t y p e  of c o s t  t o  b e  i n c u r r e d  b e f o r e  b e n e f i t s  a r e  r e a l i z e d  i s  t h e  expense  
o f  campaigns--such a s  t h o s e  t o  c o n t r o l  d i s e a s e  v e c t o r s ,  t o  r educe  env i ronmen ta l  
c a r c i n o g e n s ,  o r  t o  warn a g a i n s t  h a b i t s  dange rous  t o  h e a l t h .  
Me thodo log ica l  C o n s i d e r a t i o n s  
To e s t i m a t e  b e n e f i t s  and c o s t s  a c c o r d i n g  t o  t h e  framework d e s c r i b e d  above ,  
a  number of  hampering m e t h o d o l o g i c a l  d i f f i c u l t i e s  must be  overcome. These  i n c l u d e :  
1 )  Break ing  down t h e  p o p u l a t i o n  i n t o  sub-groups  t o  c l a r i f y  b e n e f i t  i n c i -  
dence .  D i f f e r e n t  l e v e l s  of  f i n e n e s s  o r  c o a r s e n e s s  i n  t h i s  breakdown 
w i l l  be  r e q u i r e d  f o r  d i f f e r e n t  s t u d i e s  and p u r p o s e s .  Al though b reak -  
down by age  and s e x  c o h o r t s  o f t e n  s u f f i c e s ,  f u r t h e r  d i s a g g r e g a t i o n  
i n t o  g roups  of  v a r y i n g  v u l n e r a b i l i t y  may be  r e q u i r e d ;  
2 )  A t t r i b u t i n g  v a l u e s  t o  g a i n s  i n  l i f e  e x t e n s i o n  and i n  m o r b i d i t y  r educ -  
t i o n  a s  p e r c e i v e d  by t h e  p o t e n t i a l l y  a f f l i c t e d  i n d i v i d u a l s .  A n a l y s t s  
have had a lmos t  a s  much t r o u b l e  t hemse lves  i n  d e s c r i b i n g  a  nmethodo- 
logy  f o r  such  i m p u t a t i o n s  a s  t h e y  have  i n  c o a x i n g  t h e  q u a n t i f i c a t i o n s  
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from o t h e r s .  T h e i r  a rgumen t s  t h a t  many gove rnmen ta l  d e c i s i o n s - -  
n e c e s s a r i l y  i f  i m p l i c i t l y - - p l a c e  money v a l u e s  upon b e i n g  a l i v e  o r  
more h e a l t h y  do n o t  e a s e  t h e  e s t i m a t i o n s .  D e s p i t e  t h e  d i f f i c u l t i e s  
i n c u r r e d ,  t h e s e  v a l u e s  ough t  n o t  t o  be  n e g l e c t e d  b e c a u s e  i )  t h e y  a r e  
needed t o  d i f f e r e n t i a t e  be tween  t h e  work of  an  a r t i f i c i a l l y  p ro longed  
b u t  s e v e r e l y  impa i r ed  l i f e  and a  more h e a l t h y  and n a t u r a l  e x i s t e n c e ,  
and i i )  a  m a j o r  g a i n  f rom m o r b i d i t y  r e d u c t i o n  i n h e r e s  p r e c i s e l y  i n  
t h e  i n t e r n a l l y  p e r c e i v e d  b e n e f i t s  of  a  h i g h e r  h e a l t h  s t a t u s ;  
3 )  D i s c o u n t i n g  f u t u r e  b e n e f i t s .  F o r  c o n s i s t e n t  and a p p r o p r i a t e  w e i g h t i n g  
of  p r e s e n t  and f u t u r e  p r i o r i t i e s ,  t i m e  d i s c o u n t i n g  i s  e s s e n t i a l .  I n  
problems of  b io -med ica l  r e s e a r c h  v a l u a t i o n ,  l a r g e  l a g  t i m e s  a r e  l i k e l y  
between c o m p l e t i o n  o f  t h e  r e s e a r c h  and i t s  e f f e c t e d  s o c i a l  b e n e f i t s .  
The b e n e f i t s  may t h e n  be  s p r e a d  o v e r  d e c a d e s .  These  f a c t o r s  magn i fy  
t h e  impor t ance  of t h e  methodology used  f o r  g a u g i n g  i n t e r t e m p o r a l  
t r a d e o f f s .  The p reeminen t  t e c h n i q u e  i n  s u c h  s i t u a t i o n s  h a s  been t h e  
s i m p l i s t i c  a p p l i c a t i o n  o f  a  d i s c o u n t  r a t e .  U n f o r t u n a t e l y ,  p r a c t i t i o n e r s  
have f r e q u e n t l y  had d i f f i c u l t y  i n  s e l e c t i n g  t h e  most  s u i t a b l e  r a t e s  
w h i l e ,  f o r  some s i t u a t i o n s ,  t h e  d i s c o u n t i n g  methodology i t s e l f  i s  
i n a p p r o p r i a t e ;  and 
4 )  D i f f e r e n t i a t i n g  be tween  e x  a n t e  and e x  p o s t  b e n e f i t s .  Ex a n t e  e x p e c t e d  
b e n e f i t s  a r e  no more t h a n  t h e  a g g r e g a t i o n  of  p o s s i b l e  e x  p o s t  b e n e f i t s  
we igh t ed  by t h e i r  p r o b a b i l i t i e s  o f  o c c u r r i n g .  R e s e a r c h  f u n d i n g  
d e c i s i o n s  must be made on t h e  b a s i s  of e x  a n t e  knowledge a n d ,  h e n c e ,  
t h e  e x  a n t e  b e n e f i t s .  E v a l u a t i o n  of  t h o s e  d e c i s i o n s  c a n n o t  be  based  
who l ly  upon t h e  e x  p o s t  r e t u r n s  f rom t h e  r e s e a r c h  b u t  must  t a k e  i n t o  
a c c o u n t  t h e  u n c e r t a i n  s e t  of  p o s s i b l e  r e s u l t s  f a c e d  by t h e  d e c i s i o n  
make r s .  The complex n a t u r e  o f  t h e s e  u n c e r t a i n t i e s  we now c o n s i d e r  
i n  g r e a t e r  d e t a i l .  
A d d i t i v i t y  and U n c e r t a i n t y  
The m e t h o d o l o g i c a l  d i f f i c u l t i e s  d e s c r i b e d  above  i n d i c a t e  t h a t  n e t  v a l u e  
e s t i m a t i o n - - e v e n  f o r  p r o j e c t s  whose r e s u l t s  a r e  foreknown and r e q u i r e  no f u r t h e r  
r e s e a r c h  b e f o r e  a c h i e v i n g  t h e i r  b e n e f i t s - - i s  n o t  t r i v i a l .  I n  f a c t ,  t h e  d i r e c t i o n  
o f  r e s e a r c h  monies  must f a c e  such  u n c e r t a i n t i e s  a s :  
1 )  t h e  b road  s p e c t r u m  of  p o s s i b l e  r e s u l t s  t h a t  any p r o j e c t  c o u l d  l e a d  t o ;  
2 )  t h e  b road  c h o i c e  of  p o s s i b l e  s u b s e q u e n t  s t e p s  t h a t  m i g h t  come unde r  
c o n s i d e r a t i o n  f o r  e a c h  of  t h e  many p o s s i b l e  r e s e a r c h  r e s u l t s ;  and 
3) a  v a s t  r a n g e  o f  p o s s i b l e  pathways  by which a  g i v e n  r e s e a r c h  advance  
m i g h t  e v e n t u a l l y  come t o  improve h e a l t h  c a r e . 1  
The r e p e r c u s s i o n s  of  b a s i c  l a b o r a t o r y  r e s e a r c h  w i l l  be  more d i f f i c u l t  t o  
e s t i m a t e  t h a n  t h o s e  of  t h e  more a p p l i e d  c l i n i c a l  o r  e p i d e m i o l o g i c a l  r e s e a r c h .  Thus ,  
r e s e a r c h  o n  t h e  mechanisms o f  c e l l  d i v i s i o n  c o u l d  o n l y  w i t h  g r e a t  and p e r h a p s  pro-  
h i b i t i v e  d i f f i c u l t y  be  e v a l u a t e d  on t h e  b a s i s  o f  t h e  s p e c i f i c  d i s e a s e s ,  d i s o r d e r s ,  
o r  c o n d i t i o n s  which i t  c o u l d  a l l e v i a t e .  S i n c e  s u c h  r e s e a r c h  c a n  l a y  t h e  f o u n d a t i o n  
f o r  s o  many d i v e r s e  s t r a n d s  o f  s u b s e q u e n t  r e s e a r c h ,  i t  h a s  f r e q u e n t l y  been  termed 
" a d d i t i v e . "  On t h e  o t h e r  hand ,  t h e  p o s s i b l e  b e n e f i t s  of  an e p i d e m i o l o g i c a l  s t u d y  
f o r  a  s p e c i f i c  d i s e a s e  c a n  b e  imag ined  w i t h  much g r e a t e r ,  i f  s t i l l  f a r  f rom p e r f e c t ,  
p r e c i s i o n .  Those b e n e f i t s ,  f o r  i n s t a n c e ,  would most  l i k e l y  be  u p p e r  bounded by 
a l l  t h e  good t h a t  c o u l d  b e  done t h e  p o p u l a t i o n  t h a t  h a s  c o n t r a c t e d  o r  would c o n t r a c t  
l ~ h e  t h e o r e t i c a l l y  j u s t i f i a b l e  method f o r  h a n d l i n g  t h e s e  f a c t o r s ,  i s  s e t  o u t  i n  
H.  R a i f f a  ( 1 9 6 8 ) .  D e c i s i o n  A n a l y s i s ,  Addison-Wesley,  Read ing ,  M a s s a c h u s e t t s .  Un- 
f o r t u n a t e l y ,  t h e  e x t e n t  and c o m p l e x i t y  of t h e  u n c e r t a i n t i e s  h e r e  r e n d e r  such  t ech -  
n i q u e s  p r a g m a t i c a l l y  i n a p p l i c a b l e .  
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the disease.' It thus makes sense for grant administrators to prefer, ceteris 
paribus, epidemiological research into diseases with higher prevalence, incidence, 
and severity. 
Having thus glanced at the theoretical framework that might be used to 
evaluate bio-medical research and at the lurking difficulties, we turn now to 
examine an instance in which a multidisciplinary analytic team sought conscien- 
tiously to apply that theory to actual research. 
IN PRACTICE 
The Evaluation 
In 1971 the evaluation arm of the US Department of Health, Education, and 
Welfare engaged a team of experts from Harvard University to evaluate bio-medical 
research performed in Yu oslavia under the cooperative bi-national Special Foreign 
Currency Program (SFCP) .3  The Program, begun in 1961, consisted of 110 projects 
which were to be individually and summatively assessed. The Harvard team included 
one biochemist, one clinical researcher, one economist, one public policy analyst, 
one sociologist, and four physicians. Simultaneously, a similarly constituted 
Yugoslav team was comissioned to perform a parallel evaluation of the Program. 
The Harvard team convened frequently during 1972, held two meetings with the 
Yugoslav team, and, in a splurge of eleventh hour activity, completed and submitted 
its report in January 1973. 
The Focus of the Evaluation 
The commissioners of the evaluation had as their goal the construction and 
implementation of an evaluation model much like that described above. They were 
not, however, so naive as to believe this an easy task or even one likely of 
achievement. In the end they received a well-written document that made enough 
intelligent points that they could be satisfied. In only the loosest way could it 
be claimed that the Harvard study had made progress toward the original goal of 
program evaluation--in the sense of ascribing monetary values to the whole program 
or comparative values to different segments of it. 
That the team had consciously striven to apply a model of the type above 
could be seen in the questionnaire laboriously developed: 
a) four separate questions inquired into the project cost magnitudes; 
b) one question requested an approximate estimation of the ex ante net 
research value while another sought the ex post value; 
C) four questions elicited the importance, prevalence, and incidence of 
the disease, disorder, or condition in question; 
d) nineteen questions sought information about different types of 
potential and actual impact; and 
e) two questions, by requesting the estimated time to impact in health 
practice, both enabled finer classification along the spectrum between 
basic and applied research and provided necessary information for the 
discounting of benefits. 
'~n exception would occur when research into one disease leads to insights about 
another. 
3~arvard University, An Evaluation Study of the Special Foreign Currency Program 
in Yugoslavia, DHEW Report HEW-05-71-188. 
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R e s u l t s  o f  t i le  E v a l u a t i o n  
-
The H:lrvard team c o u l d  n o t  be  f a u l t c d  f o r  l a c k  of e f f o r t  when o n e  c o n s i d e r s  
t h e  c o n s c i e n t i o u s n e s s  w i t h  which  i t  d e v e l o p e d  i t s  c l i l e s t i o n ~ i a i r e ,  t e s t e d  i t  i n  
p l e n a r y  s e s s i o n s ,  t h e n  a p p l i e d  i t  t o  t h e  p rog ram.  The d e g r e e  of i n t e r d i s c i p l i n a r v  
harmony and r o o p e r a t i o n  a s t o u n d e d  t h i s  r i b s e r v e r .  And y e t ,  though t h e  t e . m  ssl~cceedeil  
i n  many ways ,  i t  f a i l e d  i n  i t s  c e n t r a l  t a s k  o f  e v a l u a t i o n .  B e f o r e  examin ing  t h e  
r e a s o n s  f o r  t h i s ,  we s h o u l d  l ook  t o  wilat t h e  e v a l ~ ~ a t i o n  d i d  a c h i e v e .  
The e v a l u a t i o n  team o b t a i n e d  two p o o l s  of i n f o r m a t i o n  f rom which i t  would 
draw i n  w r i t i n g  i t s  r e p o r t :  
1 )  t h r e e  q u e s t i o n n a i r e  revlcws-- two US and o n e  Yugos l av - - t o r  e ach  of t h e  
110  p r ~ ~ j t . c t s  p r o v i d e ~ i  by a  t o t a l  of twen ty  e x p e r t s :  and 
2 )  a  mass o f  d o c u m e n t a t i o n  and i n t e r v i e w  r e p o r t s  upon t h e  a d m i n i s t r a t i o n  
of t h e  S p e c i a l  F o r e i g n  Cur r ency  Program.  
From t h e s e  s o u r c e s ,  t h e  r e p o r t  a u t h o r  e x t r a c t e d  n e a r  maximal i n i o r m a t i o n  v a l u e  t o  
a c h i e v e  a p o l i s h e d  and p r o f e s s i o n a l  a c c o u n t  of t h e  s t u d y .  
The r e s e a r c h  r e p o r t  p r o v i d e d :  
a )  i n t r i c a t e  c l a s s i f i c a t i o n  of a l l  p r o j e c t s - - b y  g r a n t i n g  a g c n c y ,  by 
budge t  s i z e ,  by t y p e  o f  r e s e a r c h ,  2nd by p r o b a b l e  s p e c i f i c i t y  o f  i m p a c t ;  
b )  sumnlative commentary oE a  D e l p h i  n a t u r e  upon t h e  program tl lough pro-  
v i s i o n  and r u d i m e n t a r y  i n t e r p r e t a t i o n  of r e v i e w e r  r e s p o n s e  t o  e a c h  o f  
t h e  q u e s t i o n n a i r e  i t e m s - - c o n c l u d i n g ,  f o r  examp le ,  t h a t  t h e  t o t a l  impact  
would b e n e f i t  Y u g o s l a v i a  more t h a n  t h e  I!S and  t!ie s c i e n t i f i c  e s t a b l i s h -  
nlents o f  b o t h  n a t i o n s  more t h a n  t h e i r  h e a l t h  c a r e  d e l i v e r y  s y s t e m s ;  
C )  a  s e r i e s  of i n f e r e n c e s  b a s e d  upon t h e  c l a s s i f i c a t i o n s  and r c v i e w e r  
answer s - - a s ,  f o r  i n s t a n c e ,  t h e  f i n d i n g  t h r o u g h  c o r r e l a t i o n  a n a l y s i s  
t h a t  ITS non-f i n a n c i a l  c o n t r i b u t i o n s  we re  s i p i f i c a n t l  y l i n k e d  w i t h  
a c t u a l  p r o j e c t  a c ~ o m p l i s h m e n t s ; ~  
d )  a  s e t  o f  comments upon t h e  a d m i n i s t r a t i o n  o f  t h e  program--ti le p r o p o s a l  
r ev i ew  p r o c e s s ,  t h e  r o l e  o f  t h e  p r o j e c t  o f f i c e r ,  t h e  publication 
pol icy--and how i t  m i g h t  have  been improved.  
Overwhelmingly  a s  a  r e s u l t  of t h e  s k i l l s  d i s p l a y e d  by t t ie  w r i t e r  of t h e  r e p o r t ,  i t :  
1 )  h a s  been  a c c e p t e d  w i t h  p r a i s e  by  t l ic  e v a l u a t i o n  arm o f  DHEW which funded  i t :  
2 )  h a s  become a  n e c e s s a r y  a d d i t i o n  t o  t h e  b o o k s h e l v e s  of a l l  a d m i n i s t r a t o r s  r e m o t e l y  
c o n n e c t e d  w i t h  t h e  SFCP; and 3) h a s  been  p u b l i s h e d  comuic r c i a l l y  . 5  N o t w i t h s t a n d i n g  
t h e s e  t o k e n s  o f  s u c c e s s ,  t h e  e v a l u a t i o n  s eems ,  t o  t h i s  w r i t e r ,  i n  p a r t  a  f a i l u r e  
f o r  h a v i n g  n e g l e c t e d  t o  p r o v i d e  i n f o r m a t i o n  t h a t  c o u l d  b e n e f i c i a l l y  have  g u i d e d  
t h e  management o f  t h e  p rog ram.  We now examine  why. 
' ~ r o m  t h i s ,  t h e  r e p o r t  drew t h e  j udgmen ta l  c o n c l u s i o n  t h a t  n u n - f i n a n c i a l  r o n t r i b u -  
t i o n s - - s u c h  a s  t h e  t ime  of t h e  p r o j e c t  o f f i c e r - - e f f e c t e d  S e t t e r  r e s u l t s .  I t  
l a c k e d  a  sound s t a t i s t i c a l  b a s i s  f o r  r u l i n g  o u t  t h e  p o s s i b i l i t y  t h a t  c a u s a t i o n  
r a n  i n  t h e  o t h e r  d i r e c t i o n :  t h a t  t t ie  p r o j e c t  o f f i c e r s  t e n d e d  t o  d e v o t e  more t i m e  
t o  p r o j e c t s  t h a t  we re  d e v e l o p i n g  w e l l .  
5 ~ ~ r r y ,  R.E., J r ,  e t  a l .  ( 1974 ) .  E v a l u a t i n g  H e a l t h  Program I m p a c t ,  D.C. H e a t h ,  
L e x i n g t o n ,  M a s s a c h u s e t t s .  
MARK THOMPSOK 
PROBLEMS OF L'ALY S I S  
R e t r e a t  f rom Q u a n t i f i c a t i o n  
The o r i g i n a l  v e r s i o n  o f  t h e  Harvard  q u e s t i o n n a i r e  a t t e m p t e d  more p r e c i s e  
q u a n t i f i c a t i o n  t han  was ach i eved  i n  t h e  f i n a l  i n s t r u m e n t .  An example  of t h e  modi- 
f i c a t i o n s  made can  be s e e n  i n  two q u e s t i o n s  which o r i g i n a l l y  a sked  f o r  n u m e r i c a l  
e s t i m a t e s  of t h e  e x a c t  p r e v a l e n c e  and i n c i d e n c e  of t h e  d i s e a s e ,  d i s o r d e r ,  o r  con- 
d i t i o n  s t u d i e d .  The r e v i e w e r s  r a i s e d  o b j e c t i o n s :  t h e y  d i d  n o t  want t o  have t o  p u t  
down h a r d  numbers t h a t  c o u l d  pe rhaps  be  p roven  wrong. I n  c o n c e s s i o n  t o  t h i s  s c n t i -  
n e n t ,  a  new r e s p o n s e  s c a l e  was s u b s t i t u t e d  e n a b l i n g  c h o i c e  among such  semi -quan t i -  
t a t i v e 6  t e rms  a s  "ve ry  h i g h , "  " h i g l ~ , "  m o d e r a t e , "  " low,"  and "ve ry  low."  The change 
f i l e d  o f f  one  c u t t i n g  rdge  of  t h e  q u e s t i o n n a i r e  b u t  t h e  new s o f t e r  dnd more rounded 
c o n t o u r s  cnhanced r e v i e w e r  c o m f o r t .  
The r e s u l t  of  s u c h  m o d i t i c a t i o n s  c o u l d  be  s e e n  i n  t h e  d e l i c a t e l y  b a l a n c e d  
l anguage  of  t h e  f i n a l  r e p o r t .  One q u e s t i o n  of h i g h e s t  i m p o r t a n c e  was t h a t  i n q u i r -  
i n g  i n t o  e x p e c t e d  b e n e f i t s  i n  r e l a t i o n  t o  p r o j e c t  c o s t .  The answer s  h e r e  c l u s t e r e d  
a b o u t  t h e  r a t i n g  " g r e a t "  w i t h  d i s p e r s i o n  i n t o  t h e  c a t e g o r i e s  of " sma l l "  and "maximal ."  
At f i r s t  b l r l sh ,  t h i s  a p p e a r s  a n  i m p o r t a n t  De lph i  commendation o f  t h e  program a s  t h e  
r e v i e w e r s  r e j e c t e d  t h e  o p p o r t u n i t y  t o  be more n e g a t i v e .  U n f o r t u n a t e l y ,  t h e  p r o f e s -  
s i o n a l  p o s i t i o n s  and o u t l o o k s  of t h e  r e v i e w e r s  made i t  c x t r e m e l y  l i k e l y  t h a t  t h e i r  
median a s s e s s m e n t  of  any program w i t h  r e a s o n a b l y  w e l l - w r i t t e n  r e p o r t s  and d i l i g e n t  
r e s e a r c h e r s  would impute  a  " g r e a t "  ex a n t e  n e t  v a l u e .  The program a d m i n i s t r a t o r s  
s h o u l d  have  e x p e c t e d  s u c h  a  r a t i n g . '  
I n  t h i s  l i g h t ,  t h e  u t i l i t y  of  t h e  e v a l u a t i o n  is  q u e s t i o n a b l e .  I t  becomes 
s t i l l  more q u e s t i o n a b l e  when we c o n s i d e r  a  p r imary  pu rpose  of  r e s e a r c h  e v a l u a t i o n :  
a l l o c a t i o n  of men and money t o  a r e a s  of  g r e a t e s t  p romise  f o r  s o c i e t a l  b e n e f i t .  On 
t h e  a s s u m p t i o n  t h a t  o u r  r e s e a r c h e r s  w i l l  be d i l i g e n t  and w i l l  w r i t e  a b l e  r e p o r t s ,  
we mus t  s e e k  t o  aim them i n  t h e  most  v a l u a b l e  d i r e c t i o n .  Any e v a l u a t i o ~ i  r e f l e c t i n g  
o n l y  t h e i r  d i l i g e n c e  and a b i l i t y  d o e s  n o t  a s s i s t  t h i s  p u r p o s e .  I f  q u a n t i f i e d  
e s t i m a t e s  upon t h e  n e t  v a l u e  of t h e  r e s e a r c h  had i n s t e a d  been  o b t a i n e d ,  improved 
a l l o c a t i o n  of  s c i e n t i f i c  r e s o u r c e s  would have been e n a b l e d .  
A  q u e s t  i o n  g a u g i n g  c o n t r i b u t i o n  toward US h e a l t h  o b j e c  l i v e s 8  p r o v i d e s  an- 
o t h e r  example  of t h e  consequences  wrought  by se111 i -quan t i t a t ive~ les s .  F o r  e a c h  pro-  
j e c t ,  i t s  b e s t  c o n t r i b u t i o n  toward a t  l e a s t  one  of t h e  t e n  h e a l t h  o b j e c t i v e s  t ended  
t o  l i e  be tween  "some" and "maximal." The p r o j e c t s  of o n e  agency  w i t h i n  t h e  program 
had a n  a d v a n t a g e  on  t h i s  s c a l e  o v e r  t h o s e  c;f a n o t h e r  t h u s  making a  h a r d  comparn- 
t i v e  judgment  a p p a r e n t l y  p o s s i b l e .  When, h o w ~ v e r ,  t h e  g r e a t e r  a v e r a g e  p r o j e c t  c o s t  
w i t h i n  t h e  fo rmer  agency  was c o n s i d e r e d ,  i t  was u n c l e a r  which of t h e  two had spon- 
s o r e d  more k e r ~ e f i c i a l  r e s e a r c h  pe r  u n i t  c o s t .  With q u a n t i t a t i v e  e s t i m a t i o n s  (11 
b e n e f i t ,  t h i s  d i f f i c u l t y  would have  been a v o i d e d .  F a r  f rom b e i n g  an a d v e n t i t i o u s  
r e s u l t  of t h e  s e m i - q u a n t i t a t i v e n e s s ,  i t  seems l i n k e d  i n  a  fundamen ta l  and c a u s a l  
way. The p r o j e c t  r e v i e w e r s  may n o t  have  wished t o  q u a n t i f y  t h e i r  answer s  p r e c i s e l y  
i n  o r d e r  t o  h i n d e r  h a r d  and unanb iguous  j udgemen t s  t h a t  m igh t  have p u t  r e s e a r c h e r s  
6~ t e r m  t a k e n  from t h e  a s  y e t  u n p u b l i s h e d  work of H. R a i f f a ,  who found s u b s t a n t i a l  
s u b j e c t i v e  d i s a g r e e m e n t  upon t h e  meaning of such  e x p r e s s i o n s .  
' ~ n  e v a l u a t i v e  t h e o r y  s u c h  f i n d i n g s  migh t  be  v a l u a b l e  a s  a  means by  which t o p - l e v e l  
a d m i n i s t r a t o r s  cou ld  o b t a i n  i n f o r m a t i o n  on p r o g r m  e f f e c t s  n o t  b i a s e d  by p a s s i n g  up 
t h r o u g h  s e l f - s e r v i n g  lower  s t r a t a .  With t h e  SECP, t h e  t o p  a d m i n i s t r a t o r  knew morc 
b e f o r e  t h e  e v a l u a t i o n  s t a r t e d  t h a n  Harva rd  was e v e r  t o  l e a r n .  The r e p o r t  may, 
however ,  have  been  v a l u a b l t  i n  t h i s  s e n s e  t o  tht.  O f f i c e  of  t h e  S e c t r e t a r y  of  DHEW. 
8 ~ h e  Yugoslav  r e v i e w e r s  made p a r a l l e l  e s t i m a t i o n s  on c o n t r i b u t i o n s  toward t h e  h e a l t h  
o b j e c t i v e s  of t h e i r  n a t i o n .  
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out of work and relegated their children to the streets.9 
Disciplinary Roots 
The majority of the Harvard reviewers were hio-medical professionals who 
could identify with personnel in the projects they examined. If the project 
leader seemed competent--from his record and his writing--the reviewer would be 
strongly guided by the motive of making the project look good. This inevitably 
inhibited wholly objective responses. The hulk of the reviewers were in the 
later stages of their careers, somewhat set in their beliefs, and not amenable 
to the idea that a new magic called systems analysis could benefit medicine. 
These factors reduced the utility of the questionnaire data. 
The Concept of Value 
The disciplinary rooting of the reviewers induced a number of conceptual 
difficulties. A typical example lay in their assessment of project worth. 
Though repeatedly instructed that research value should be perceived in terms 
of expected societal henefits, the reviewers resolutely rejected this guidance. 
If a project proposal was well written and assiduously executed, it was rated 
a good project regardless of its potential or actual consequences. \&hen judging 
project worth against its hudget, the reviewers could not he weaned away from 
their insistence on comparing the hudget not to the px-ohahle social results but 
instead to alternative costs of obtaining the research knowledge. 
Probabilities 
Because the expected prohahilities of research success varied across 
projects, we asked our reviewers to estimate the expected net value of the research. 
Thus a project with a success likelihood of 0.5 should, ceteris parihus, he funded 
before one with a likelihood of 0.1. 0r1r reviewers insisted upon assuming project 
success and rating the research upon its maximum possible achievement with no 
consideration of the probabilities involved. 
Two arguments were proffered for the neglect of success likelihoods: 
1) that they were difficult to estimate; and 
2) that the estimations would duplicate the efforts of the original 
scientific reviews prior to funding. 
While the first objection cannot be gainsaid, the second seems but a specious 
cover for the first. Surely the original study section review was better qualified 
than Harvard to judge the prohabilities of project success. Its approval may, 
however, have certified only that a project attained a necessary threshold level 
of success likelihood, say thirty per cent. In this case, no discrimination 
would be made between two projects with success likelihoods of thirty-five and 
ninety per cent. The discomfort of the Harvard team when faced with probabilities 
leads also to a more serious fear. It can he inferred that the study sections 
themselves--composed of men with similar backgrounds and outlook--were, most 
likely, similarly daunted hy concepts and sought to avoid considering 
their implications. 
9 ~ s  we shall argue helow, quantified estimates--though attractive in theory--have 
problems of their own. The precise cost-benefit ratios of the ITS Corps of 
Engineers are examples of numbers whose precision is camouflage for unfathomable 
uncertainty. 
MARK THONPSON 
Ex Ante and Ex Post Analysis 
Through an error in the commissioning of the evaluation, the research 
program to he assessed turned out--to the surprise of both commissioners and 
evaluators--to consist overwhelmingly of ongoing projects. Thus a final impact 
evaluation from an ex post perspective was rendered impossible. Instead an 
ex ante estimation of potential impact--implying heavy duplication of the original 
study section reviews--was performed.10 This seriously undermined the basic 
evaluative objectives. l1 
Shortcomings of Theory--Probabilities 
The inability of the reviewers to incorporate probabilistic estimates into 
their project evaluations is matched by the inahility of theoretical models explic- 
itly to handle probabilities. There are important chance elements affecting the 
a priori value of research: 
1) the probability that a research project will attain the goals it has 
set for itself; 
2) the that the results of a successful research project will 
be adequately followed up by subsequent research to make possible prac- 
tical benefits; and 
3) the probability that research advances enabling practical benefits 
can be assimilated into the I~ealth care delivery svstem. 
Potential gross benefits may be defined as the value of the research benefits to 
society assuming that its goals are attained, that adequate follow-up is forth- 
coming, and that its practical advances are not stymied by system resistance. 
Expected gross benefits are then the potential gross benefits multiplied in turn 
by each of the three probabilities above. 
Of these probabilities, the most difficult to estimate is that of adequate 
follow-up. The pathways by which research begets research, in turn broadening 
knowledge and leading to societal benefits, are multifarious and unforeseeable. 
Prior predictions will never be able to foretfll the serendipitous combination of 
men, moment, and the chance event that has led to many a research advance. Not 
only can inspiration and insight not be programmed, hut they are likely to suffer 
when the attempt is made. 
These problems proved too much for the Harvard team. The physician 
reviewers, sensing the magnitude of the problem, escaped it by treating likelihoods 
difficult to estimate as certainties. Those members of the team more comfortable 
in dealing with probabilities might have parscd the estimation problems into parts 
that the reviewers could more easily have handled. They might thus have obtained 
from the physicians a systematic Delphic estimation of research follow-up probahil- 
ities. Such an estimation might not consider all remotely plausible events but 
it would have enabled a more reliable jtld~ment upon expected research value. 
'This task required delicacy as the Harvard study was explicitlv looking for 
mistakes of the previous reviewers. 
 he ex ante evaluation from an ex post perspective required careful judgment 
by our reviewers. Decisions had to be rated not on how they turned out but on 
their reasonableness within the information framework of the moment. Our reviewers 
--perhaps because as physicians they have internalized an instinctive understanding 
of decision processes--had no trouble grasping this hasic point in decision theory. 
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A d d i t i v i t y  
The d i f f i c u l t i e s  i n  e s t i m a t i n g  chances of r e s e a r c h  follow-up a r e  heightened 
by t h e  t ang led  a d d i t i v e  r e l a t i o n s h i p s  of p r o j e c t s  wi th  r e l a t e d  g o a l s .  To i l l u s -  
t r a t e ,  we suppose t h a t  r e s e a r c h  l ead ing  from t h e  s t a t u s  quo a n t e  of knowledge, 
p o i n t  A ,  t o  p r a c t i c a l  v a l u e ,  p o i n t  D ,  would ach ieve  t e n  u n i t s  of  b e n e f i t .  The 
r e s e a r c h  i s  broken down i n t o  segments A t o  B, B  t o  C, and C  t o  D as  shown below. 
Suppose now t h a t  i t  i s  necessa ry  t o  gauge t h e  v a l u e  of t r a v e r s i n g  segment 
AB. There a r e  no conc lus ive  a  p r i o r i  r easons  f o r  any g iven  s e t  of v a l u e  ass ign-  
ments. Thus, AB could be va lued  a t  e i g h t  u n i t s  and each of t h e  n e r t  two segments 
a t  one a p i e c e .  But BC s i m i l a r l y  could be accorded a  v a l u e  of e i g h t  and t h e  o t h e r  
segments v a l u e s  of one. I f  t h e  minimal c o s t s  of t r a v e r s i n g  t h e  segments were 
g iven ,  t h e  d i f f i c u l t  problem of va lue  a t t r i b u t i o n  could be reduced b u t  n o t  e l imi -  
n a t e d .  I f ,  t o r  example, t h e s e  minimal c o s t s  a r e  AB, two u n i t s ;  BC, one u n i t ;  
and CD, f o u r  u n i t s ;  i t  would make sense  t o  conclude t h a t  t h e  n e t  v a l u e  of A B  l i e s  
between two and f i v e ;  of BC, between one and f o u r ;  and of  CD between f o u r  and 
seven.  
One comon sense  r e s o l u t i o n  would be t o  a s s i g n  t h e  g iven  v a l u e  t e n  t o  AD 
and t o  d e c l a r e  t h a t  f u r t h e r  segmentat ion of  t h e  v a l u e s  i s  wi thou t  meaning. The 
r e s e a r c h  should be performed on ly  i f  t h e  c o s t  of ach iev ing  p o i n t  D from p o i n t  A  
i s  no g r e a t e r  than  t e n .  
But t h i s  does n o t  s o l v e  t h e  rev iewer ' s  problem of v a l u i n g  p r o j e c t  AB. 
Should t b e r e  be f o u r  a l t e r n a t i v e  ways of moving t o  C from B, f i v e  ways of moving 
from C  t o  D ,  two a d d i t i o n a l  ways t o  move from A  t o  C  without  pass ing  through B, 
and t h e  p o s s i b i l i t y  of performing t h e  r e s e a r c h  s imul taneous ly  i n  p a r a l l e l ,  t h e  
problem becomes s t i l l  more i n t r a c t a b l e .  
I n  a d d i t i v e  s i t u a t i o n s ,  both s imple and complex, r ev iewers  cannot be 
blamed f o r  f a i l i n g  t o  s p e c i f y  a  p r e c i s e  r e s e a r c h  va lue  t h a t ,  even concep tua l ly ,  
may n o t  e x i s t .  
OBSERVATIONS AND CONCLUSIONS 
Rat ing  t h e  R e s u l t s  of t h e  Harvard Study 
We have argued t h a t  t h e  f i n a l  r e p o r t  produced by t h e  Harvard team, f o r  
a l l  t h e  kudos g ran ted  i t ,  d i d  n o t  f u l f i l l  t h e  pr imary g o a l s  of t h e  e v a l u a t i o n .  
Th is  because:  
1) t h e  average r a t i n g  of p r o j e c t  n e t  v a l u e s  a s  "great1'--being u n q u a n t i f i e d  
and a l lowing  v a s t  s u b j e c t i v i t y  of judgment--did no t  p rov ide  a  
u s e f u l  summative assessment  of t h e  program; 
2 )  t h e  comparisons between d i f f e r e n t  segments of t h e  program--again 
hampered by t h e  l ack  of q u a n t i t a t i v e n e s s  and by s u b j e c t i v i t y - -  
d i d  no t  i n d i c a t e  which should be pruned and which expanded; and 
3) t h e  examinat ion of i n t e r n a l  program o p e r a t i o n s  d i d  no t  y i e l d  
in format ion  no t  a l ready  known to  i t s  a d m i n i s t r a t o r s .  
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Yet the results were not wholly negative. If Harvard's comments about pro- 
gram administration were far from novel, they at least were given stature by their 
mode of publication and may have effected operational improvements. In a related 
way, the mere act of the evaluation seems to have energized the program-- 
heightening the motivation of its personnel through a Hawthorne Effect--as it was 
being scrutinized. 
Lessons for the Team 
In the opinion of this observer, the value of the Harvard study lies in 
the lessons it taught about the application of systems analysis to a difficult 
area. As is frequently the case with new instruments, first trials teach more 
about the instrument itself than about the phenomena to be examined. 
We have seen in the study defects that can be remedied in future appllca- 
tions of systems analysis. Harvard learned the conceptual stumbling blocks of 
its non-analytic reviewers and just how they gave rein to their suhjeciivt feelings 
Certain questionnaire items were too comprehensive and difficult and should have 
been broken down to more tractable parts. In areas where embracing quantification 
was not easy, the reviewers should have been provided a simplified series of 
questions to coax better their judgments. Ways should also have heen found to 
permit expression of their subjective feelings lest they complete the question- 
naires with misgivings that the wrong questions were posed.12 
Team Com~osition 
The composition of the Harvard team, though impugned perhaps by implication 
in the commentary above, could not easily have been improved. The inclusion of 
several distinguished physicians--leery of numbers and the tricks of analysis-- 
was essential. While the medical expertise of these men gave a necessary ballast 
and depth to the study, their stature ensured that the final report would be read 
with care. Any report penned wholly by slick systems analysts could easily have 
been discredited and disregarded in the very decision forums it was designed to 
serve. 
The team brought together talented individuals whose personalities meshed 
well and who were devoted to building bridges between disciplines. Even in 
failing, their efforts indicated possible strategies for linking the disciplines 
across the gulfs that separate them. No failure whose effort was mighty is 
altogether without gain. The shortfall of Harvard indicated both limits to the 
purview of systems analysis and obstacles that need now to be overcome before its 
full worth will be known. 
The Neglect of Variance 
The resistance of the medical reviewers to the matrix forced upon them by 
the questionnaire may have derived from a fear that the numbers they were asked 
for could not have the importance or the infallibility attributed them by the 
analysts. In this, their reluctance may have had grounding. Too many mistakes 
of policy have been committed because the arguments for them could be expressed 
in numbers. 
 our questionnaire items designed to allow such ventilation of misgivings were 
insufficient . 
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11 sho r t coming  common t o  hot11 t h e o r ~ t i c a l  artd p r a c t i c a l  exercises i n  e v a l u -  
a t i o n  i s  t h e  n e g l e c t  0 1  v a r i a n c e .  Few q u a n t i t i e s  ( . ; i l l ed  f o r  by  mode l s  f o r  e v a l u a -  
t  i n g  r e s c d r c h  c a n  be e s t i m a t e d  w i t h  con£  i d e n t  p r e c i s i o n .  The juclgments upon t h e  
u n i t  v a l u e s  of l i r e  extension and of h e a l t h  s t a t u s  enhancement  a r e  e s p e c i a l l y  
s u b j e c t  t o  u n c e r t a i n t y .  With t h e  subseqi l?nt  i n t r o d u c t i o n  of  p r o b a b i l i t i e s  and of 
t ime  d i s t . o u n t s ,  t h e  i m p r e c i s  ion  of t h e  p r imary  v a l u c  measu re - - t he  e x p e c t e d  n e t  
v a l u e  of t h e  research--nrounted a p p r e c i a b l y .  
Any s i n g l e  e x p e r t  c a l l e d  upon t o  c o n s u l t  i n  e v a l u a t i n g  f u t u r e  b in -med ica l  
r e s e a r c h  w i l l  h a r h o r  h i s  own u n c e r t a i n t i e s  t h a t  c an  he  r o u g h l y  e x p r e s s e d  a s  v a r i -  
a n c e s  of t h e  v a l u e s  e s t i m a t e d .  S t i l l  a n d t h e r  s o u r c e  of v a r i a n c e  l i e s  i n  s u b j e c -  
t i v e  d i f f e r e n c e s  of o p i n i o n  between e x p e r t s .  The a h s o l u t e  magni t r ide  of  t h e  
combined v a r i a n c e  i s  s o  g r e a t  t h a t  s p e c i a l  sy s t ems  methods  f o r  d e a l i n g  w i t h  i t  
a r e  h a d l y  needed .  
D e a l i n g  w i t h  1 :nce r t a ln ty  i n  Gu id ing  Resea rch  
In  many a r e a s  of e n d e a v o r ,  t h e  a p p l i c a t i o n  of  sy s t ems  a n a l y s i s  a t  t h e  
m.magementa1 l e v e l  h a s  t h e  e f f e c t  of s o  o r d e r i n g  knowledge and e x p e r t  o p i n i o n  t h a t  
pe l -ce ived v a r i a n c e  i s  minimized and t h a t  a  s m a l l  numher of  a c t i o n  a l t e r n a t i v e s  
i s  t I1~2rcby shown t o  he  d i s t i n c t l y  s u p e r i o r .  I n  t h e  more a p p l i e d  a r e a s  o f  b i o -  
mrd i i , a l  r e s e a r c h ,  t h i s  may be p o s s i b l e .  Thus ,  sy s t ems  t h i n k i n g  may i n d i c a t e  which 
e p i d e m i o l o g i c a l  i n v e s t i g a t i o n s  and wh ich  c l i n i c a l  t r i a l s  p romise  g r e a t e s t  p o t e n t i a l  
b e n e f i t  and s h o u l d  t l i r r i , f o r e  b e  g i v e n  p r i o r i t y .  
I n  t h e  a r e a  o f  mvre b a s i c  o r  a d d i t i v e  r e s e a r c h ,  t h i s  app roach  i s  judged 
i m p d s s i b l e .  The t e r r a i n  i s  s o  dominated by t h e  unknown and t h e  u n c e r t a i n  t h a t  t o  
a t t e m p t  t o  draw a consensus  f rom t h e  d i s p a r a t e  o p i n i o n s  of o n e ' s  e x p e r t  c o n s u l t a n t s  
i s  t o  m i s c o n c e i v e  t h e  problem.  I n s t e a d  t h e  e n t i r e  r a n g e  of  u n c e r t a i n t y  and d i s -  
agreement  s h o u l d  h' examined t o  f i n d  a p p r o p r i a t e  o p p o r t u n i t i e s  f o r  r e s e a r c h .  I f  
n i n e t y - f i v e  pe r  c e n t  o f  t h e  e x p e r t s  j udge  a  r e s e a r c h  p a t h  w i t h o u t  p romise  i n  a 
o p p o s i t i o n  t o  f i v e  p e r  c e n t  who b e l i e v e  i t  p o t e n t i a l l y  i m p o r t a n t ,  i t  s h o u l d  n o t  be 
a u t o m a t i c a l l y  d i s m i s s e d .  I n s t e a d  a l l  r e s e a r c h  themes a c c o r d e d  a  minimal  p r o b a b i l -  
i t y  of reward s l i o ~ l l d  h e  c b v e r e d .  How e x t e n s i v e  t h e  c o v e r a g e  would be would depend 
upon t h e  magn i tude  of  t h e  p o t e n t i a l  r eward  and upon t h e  probabilities e s t i m a t e d  
f o r  s u c c e s s  - 1 3  
These  a rgumen t s  imply  t h a t  p r e c i s e  models  i n c o r p o r a t i n g  t h e  c o n s i d e r a t i o n s  
of t h e  second s e c t i o n  c a n n o t  h e  a p p l i e d  t o  b a s i c  r e s e a r c h .  The p redominan t  
mechanism l o r  p a s s i n g  upon t h e  f u n d i n g  of  r e s e a r c h  i n  many c o u n t r i e s  h a s  b e e n  t h a t  
o f  s c i e n t i f i c  p e e r  r e v i e w .  T h i s  mechanism i s  n o t  p e r f e c t :  s c i e n t i s t s  may be  
m o t i v a t e d  by t h e  d e s i r e  f o r  i n t e l l e c t u a l  s t i m u l a t i o n  o r  be  gu ided  hy  t h e  i n e r t i a  
of t h e i r  t r a i n i n g  and p a s t  r e s e a r c h  t o  t h e  n e g l e c t  of p o t e n t i a l  s o c i a l  b e n e f i t s .  
N e v e r t h e l e s s ,  p e e r  r e v i e w s  do e n s u r e  t h a t  t h e  work m a i n t a i n s  h igh  p r o f e s s i o n a l  
s t a n d a r d s  and t h a t  t h e  knowledge s o u g h t  i s ,  hy s c i e n t i f i c  s t a n d a r d s ,  i m p o r t a n t .  
The g r e a t e s t  p o t e n t i a l  f o r  improvement i n  b a s i c  r e s e a r c h  g u i d a n c e  t h u s  seems t o  
l i e  i n  m o d i f i c a t i o n  of  t h e  s c i e n t i l i c  p e e r  r e v i e w  g roups  r a t h e r  t h a n  i n  t h e  
1 3 ~ r o b l e m s  o f  t h i s  n a t u r e  a r i s e  i n  c o n n e c t i o n  w i t h  t h e  g u i d a n c e  o f  n a t i o n a l  c a n c e r  
p rog rams .  S e e ,  f o r  i n s t a n c e :  
The N a t i o n a l  Cancer  Program--Report of  t h e  D i r e c t o r ,  J a n u a r y  1973 ,  
DHEW P u b l i c a t i o n  Number (NIH) 74-472; 
The S t r a t e g i c  P l a n ,  DHEW p u b l i c a t i o n  Number (NIH) 74-569; and 
M u l t i l e v e l  A n a l y s i s  of  NCI Resea rch  G r a n t s  by S c i e n t i f i c  Category--  
F i s c a l  Year 1972 ,  p r e p a r e d  by J . H .  S c h n e i d e r  o f  t h e  N a t i o n a l  Cancer  
I n s t i t u t e .  
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i m p o s i t i o n  of a  comprehens ive  model t h a t  a t t e m p t s  t o  t r a c e  knowledge advances  
t h r o u g h  long  and t o r t u o u s  p a t h s  t o  u l t i m a t e  s o c i a l  h e n e f i t . 1 4  
The Need f o r  Systems Anal-ys is  
One migh t  t a k e  t h e  Harva rd  s t u d y  a s  c a u s e  t o  d e s p a i r  of u s i n g  sys t ems  
a n a l y s i s  f o r  g u i d i n g  b io -med ica l  r e s e a r c h .  T h i s  would be  p rema tu re  and wrong. 
Governmenta l  and f o u n d a t i o n  s p o n s o r s h i p  o f  r e s e a r c h  w i l l  c o n t i n u e  and t h e  donor s  
w i l l  b e  b e s i e g e d  w i t h  more r e q u e s t s  f o r  f u n d i n g  t h a n  t h e y  c a n  m e e t .  Every  
t i m e  o n e  r e q u e s t  i s  f a v o r e d  ovp r  a n o t h e r ,  e x t e r n a l  d i r e c t i o n  o f  r e s e a r c h  t a k e s  
p l a c e .  We may p e r m i t  t h i s  d i r e c t i o n  t o  be  i n c o n s i s t e n t  and random o r  we may 
invoke  a n a l y s i s  t o  s y s t e m a t i z e  i t s  work ings .  C o n s c i e n t i o u s  a p p l i c a t i o n  of  s y s t e m s  
a n a l y s i s - - w h i c h  r e q u i r e s  r e c o g n i t i o n  of  i t s  d e f i c i e n c i e s - - s t i l l  h o l d s  p romise  of 
b e t t e r  g u i d i n g  b io -med ica l  r e s e a r c h  toward s o c i e t a l  b e n e f i t s .  I n  t h e  wor ld  of  
t h e  unknown, such  g u i d a n c e  c a n n o t  h e  p r e c i s e  and w i t h o u t  t u r n i n g s ,  b u t  i t  c a n  
r e d u c e  d u p l i c a t i o n ,  f i l l  l a c u n a e  of  e f f o r t ,  and c u t  s h o r t   inp promising e n d e a v o r .  
F o r  t h e s e  r e a s o n s ,  s y s t e m s  a n a l y s i s  s h o u l d  h e  s t r e n g t h e n e d  and m o d i f i e d  t o  d e a l  
b e t t e r  w i t h  t h e  i d i o s y n c r a t i c  p rob l ems  posed by h io -med ica l  r e s e a r c h .  The 
c r i t i q u e  p r e s e n t e d  by t h i s  p a p e r  h a s  s o u g h t  t o  a i d  t h a t  a d a p t a t i o n .  
14 . . Similarly, t h e  s c i e n t i s t s  t h e m s e l v e s  s h o u l d  be  a l l owed  t o  s e l e c t  t h e  t a c t i c a l  
a p p r o a c h e s  toward t h e  problems t h e y  f a c e .  I n  t h e  UK and t h e  US, t h e  t r e n d  i n  t h e  
l a s t  decade  h a s  been  t o  fund g r a n t s  p r i m a r i l y  on  t h e  b a s i s  of  s c i e n t i f i c  m e r i t .  
O v e r a l l  s t r a t e g i c  r e d i r e c t i o n  of r e s e a r c h  monies  o c c u r s  i n  t h e  c a s e s  of m a j o r  
campaigns--such a s  t h v s e  a g a i n s t  c a n c e r  o r  s i c k l e - c e l l  anemia--and i n  t h e  s e l e c t i o n  
of  p r o j e c t s  c o n s i d e r e d  m a r g i n a l  i n  t e r m s  of  s c i e n t i f i c  m e r i t .  
O b s e r v a t i o n s  of  t h e  D i s c u s s a n t ,  Plr. Spenct-r 
Plr. Spence r  r e c e n t l y  had p a r t i c i p a t e d  i n  a n  e x e r c i s e  t o  gauge t h r  v a l u e  
of  b in-medical  r r s e a r c t i  t h a t  r e sembled  c l o s e l y  t h e  p r o j e c t  d e s c r i b e d  by Mr. 
Thompson. T h e i r  g roup  t o o  had deve loped  a  model t o  q u a n t i f y  t h e  r e s e a r c h  b e n e f i t s  
t h a t  was r emarkab ly  s i m i l a r  t o  t h e  model e x h i b i t e d  i n  t h e  p a p e r .  The ma-jor p o i n t  
of  d i f f e r e n c e  was t h a t  S p e n c e r ' s  g roup  found i t  d e s i r a b l e  t o  i n c l u d e  an  a d d i t i o n a l  
t e r m  f o r  b e n e f i t s  t h a t  r e s u l t  s o l e l y  f rom t h r  f u n d i n g  of t h e  r e s e a r c h .  An example  
i s  t h e  p o l i t i c a l  g a i n  i n  a l l o c a t i n g  r e s e a r c h  f u n d s  t o  any a r e a  s a l i e n t  i n  t h e  
p o p u l a r  mind.  
From h i s  e x p e r i e n c e ,  Mr. S p e n c e r  drew a  number of  c o n c l u s i o n s :  
1 )  t h a t  sy s t ems  a n a l y s i ?  p r o v i d e s  a  s e t  of  q u a n t i f i e d  r e l a t i o n s h i p s  
t h a t  may be  a g g r e g a t e d  i n t o  a  model ;  
2 )  t h a t  such models  cafi b r  a i d s  t o  d e c i s i o n  making bu t  can  n e v e r  be 
r r p l a c e m e n t s ;  
3) t l i a t  a  p r imary  r e s u l t  of c o s t - b e n e f i t  m o d e l l i n g  i s  i t s  improved 
s t a t e m e n t s  of program g o a l s ;  and 
4) t l i a t  a  d a n g e r  i n  s u c h  m o d e l l i n g  i s  t h e  compar i son  of non-comparables .  
I n  t h e i r  q u e s t  t o  r educe  a l l  i m p o r t a n t  f a c t o r s  t o  numbers ,  c o s t -  
b e n e f i t  p r a c L i t i o n e r s  somet imes  a r c  e x c e s s i v e l y  z e a l o n s .  Compari,,ris 
of  d i f f e r e n t  b e n e f i t s  o f t e n  depend c r i t i c a l l y  upon v a l u e  a s s i g n m e n t s .  
S i n c e  t h e s e  w i l l  v a r y  w i d r l y  among s o c i a l  g r o u p s ,  a n a l y t i c  r e d u c t i o n  
of t h e  b e n e f i t s  t o  numbers i n e v i t a b l y  e n t a i l s  s u b j e c t i v e  j udgmen t s .  
Hard Models and S o f t  Phenomena 
Mr. Koch-Weser was a  team member of t h e  p r o j e c t  d e s c r i b e d  by Mr. Thompson. 
He c o n c u r r e d  i n  most of t h e  judgments  made i n  t h e  Thompson p a p e r  b u t  f e l t  t h a r  t h e  
c r i t i c i s m  t h e r e  was p e r h a p s  t o o  g e n t l e .  He would f o r m u l a t e  t h e  v i t a l  f a i l i n g  of 
I-he p r o j e c t  a s  i t s  a t t e m p t  t o  a p p l y  h a r d  a n a l y t i c  methods  t o  d a t a - - s u b j e c t i v e  
judgments  of ach i evemen t  and p r o g r e s s - - t h a t  were  i n r r i n s i c a l l y  s o f t .  
The Communications Gap 
M r .  Vened ik tov  f a v o r e d  t h e  u s e  of  sy s t ems  a n a l y s i s  t o  e v a l u a t e  b io-medical  
r e s e a r c h .  He, however ,  found t h e  model a s  l a i d  o u t  d i f f i c u l t  t o  u n d e r s t a n d .  He 
u rged  t h a t  such  models  be  c a r e f u l l y  p r e s e n t e d  s o  t h a t  d o c t o r s  and o t h e r  n o n - a n a l y s t s  
would more r e a d i l y  comprehend them. As d i d  M r .  S p e n c e r ,  h e  f e l t  t h a t  a  c h i e f  problem 
i n  a p p l y i n g  s u c h  a  model l a y  i n  q u a n t i f y i n g  t h e  n o n - q u a n t i f i a b l e .  
Advice  f o r  Model A p p l i c a t i o n  
A  p a r t i c i p a n t  w i t h  e x p e r i e n c e  i n  r e l a t e d  r e s e a r c h  e f f o r t s  o f f e r e d  h i s  
o b s e r v a t i o n s .  He f e l t  t h a t  f o r m u l a s  p r o v i d e d  i n  M r .  Thompson's p a p e r  c o u l d  be 
c l e a r l y  u n d e r s t o o d  by n o n - t e c h n i c a l  e x p e r t s  i f  a  s e r i e s  of  c a r e f u l l y  s t r u c t r l r e d  
d i s c u s s i o n  s e s s i o n s  were  h e l d .  Such s e s s i o n s  s h o u l d  be h e l d  b e f o r e  t h e  a n a l y s i s  
i t s e l f  i s  i n i t i a t e d .  He f e l t  t h a t  mode l s  of t h i s  t y p e  were  more e f f e c t i v e l y  
a p p l i e d  t o  l i n e s  of  r e s e a r c h  a c t i v i t y  composed i n  i n d i v i d u a l  p r o j e c t s  r a t h e r  t h a n  
t o  t h e  p r o j e c t s  s e p a r a t e l y .  He was p l e a s e d  t h a t  t h e  model d i s t i n g u i s h e d  between 
g a i n s  i n  r e d u c i n g  m o r b i d i t y  and i n  e x t e n d i n g  l i f e .  Recen t  d a t a  show t h a t  t h e  
number of m o r b i d i t y  e p i s o d e s  h a s  no e f f e c t  upon l i f e  e x p e c t a n c y .  
M r .  Spence r  a g r e e d  w h o l e h e a r t e d l y  t h a t  g r e a t  e f f o r t s  s h o u l d  be made t o  
a c h i e v e  an  i n i t i a l  m e e t i n g  of  minds .  He r e l a t e d  t h a t  one  program e v a l u a t e d  was 
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a t t r i b u t e d  350 d i f f e r e n t  e f f e c t s .  E x t e n s i v e  d i s c u s s i o n  was r e q u i r e d  t o  c o a l e s c e  
t h e s e  i n t o  f o r t y - s i x  e f f e c t s  which c o u l d  more e a s i l y  be  unde r s tood  and e v a l u a t e d .  
The e f f o r t  r e q u i r e d  t o  a c h i e v e  i n t e r d i s c i p l i n a r y  harmony and mu tua l  1 1 1 1 d ~ ~ r s t a n d i n g  
c a n  t a k e  y e a r s .  
S c i e n t i f i c  M e r i t  E v a l u a t i o n  
One s p e a k e r  d e s c r i b e d  an  e v a l u a t i o n  o f  b io -med ica l  r e s e a r c h  t h a t  compared 
t h e  o r i g i n a l  s c i e n t i f i c  m e r i t  r a t i n g  w i t h  an e x  p o s t  m e r i t  r a t i n g ,  and w i t h  t h e  
numbers of  c i t a t i o n s  r e l a t i n g  t o  p a p e r s  a r i s i n g  f rom t h e  p r o j e c t .  C o r r e l a t i o n s  
a c r o s s  a l l  t h r e e  i n d i c e s  we re  h i g h .  M r .  Thompson f e l t  t h a t  t h i s  s h o u l d  he  e x p e c t e d  
s i n c e  a l l  t h r e e  measu re s  were  based  on  s c i e n t i f i c  judgment of s c i e n t i f i c  m e r i t .  
The s t u d y  he  d e s c r i b e d  was more d i f f i c u l t  i n  t h a t  i t  sough t  t o  l i n k  a s c r i b e d  
s c i e n t i f i c  m e r i t  t o  f o r e s e e n  s o c i a l  b e n e f i t s .  
F u r t h e r  Remarks upon C o s t - B e n e f i t  A n a l y s i s  
A d d i t i o n a l  o b s e r v a t i o n s  upon c o s t - b e n e f i t  a n a l y s i s  we re  p r o f f e r e d :  
a )  Thc i m p o r t a n c e  of d e f i n i n g  b e n e f i t s  a t  t l ie  i n i t i a t i o n  o f  t h e  s t u d y  
was s t r e s s e d .  
b )  An a r e a  of  g r e a t  c o n f u s i o n  i s  t h e  a p p l i c a t i o n  of  t i m e  d i s c o u n t i n g .  
I n  b iu -med ica l  r e s e a r c h  t h i s  i s  c r i t i c a l  as t h e r e  may be  a  s u b s t a n t i a l  
l a g  u n t i l  b e n e f i t s  a r e  r e a l i z e d  whereupon t h e y  may be  s p r e a d  o v e r  
d e c a d e s .  
c )  B e n c f i t s  can be  b r o k e n  down i n t o  t h e  c a t e g o r i e s  n f  d i r e c t ,  i n d i r e c t ,  
and i n t a n g i b l e .  Both o f  t h e  fo rmer  two c l a s s e s  can g e n e r a l l y  be  
c a l c u l a t e d ,  b u t  t h e  g r e a t e s t  d i f f i c u l t y  a r i s e s  i n  e s t i m a t i o n  o f  
i n t a n g i b l e  b e n e f i t s  wtiich o f t e n  a r e  h i g h l y  s i g n i f i c a n t .  
d )  The l i m i t a t i o n s  of c o s t - b e n e f i t  a n a l y s i s  a r e  i n d i c a t e d  hy f r e q u e n t  
s e l e c t i o n  of p r o j e c t s  w i t h  poor r a t i o s  o v e r  t h o s e  w i t h  h i g h e r  o n e s .  
